712CD 


75^”  MORSS  CD  Cover  Page 


Report  Documentation  Page 

Form  Approved 

0MB  No.  0704-0188 

Public  reporting  burden  for  the  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and 
maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information, 
including  suggestions  for  reducing  this  burden,  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports,  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington 

VA  22202-4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  a  penalty  for  failing  to  comply  with  a  collection  of  information  if  it 
does  not  display  a  currently  valid  0MB  control  number. 

1.  REPORT  DATE 

01 JUN  2007 

2.  REPORT  TYPE 

N/A 

3.  DATES  COVERED 

4.  TITLE  AND  SUBTITLE 

Balancing  Data  Resolution  Issues  Between  Providers  and  Users 

5a.  CONTRACT  NUMBER 

5b.  GRANT  NUMBER 

5c.  PROGRAM  ELEMENT  NUMBER 

6.  AUTHOR(S) 

5d.  PROJECT  NUMBER 

5e.  TASK  NUMBER 

5f.  WORK  UNIT  NUMBER 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

VisiTech.  Ltd  .  99  Cana  ICenter  Plaza  Alex  andria  .  VA  22314 

8.  PEREORMING  ORGANIZATION 

REPORT  NUMBER 

9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

10.  SPONSOR/MONITOR’S  ACRONYM(S) 

11.  SPONSOR/MONITOR’S  REPORT 
NUMBER(S) 

12.  DISTRIBUTION/AVAILABILITY  STATEMENT 

Approved  for  public  release,  distribution  unlimited 

13.  SUPPLEMENTARY  NOTES 

See  also  ADM202526.  Military  Operations  Research  Society  Symposium  (75th)  Held  in  Annapolis, 

Maryland  on  June  12-14,  2007,  The  original  document  contains  color  images. 

14.  ABSTRACT 

15.  SUBJECT  TERMS 

16.  SECURITY  CLASSIEICATION  OE: 

17.  LIMITATION  OE 
ABSTRACT 

uu 

18.  NUMBER 
OE  PAGES 

23 

19a.  NAME  OE 
RESPONSIBLE  PERSON 

a.  REPORT 

unclassified 

b.  ABSTRACT 

unclassified 

c.  THIS  PAGE 

unclassified 

Standard  Form  298  (Rev.  8-98) 

Prescribed  by  ANSI  Std  Z39-18 


Balancing  Data  Resolution  Issues  Between 

Providers  and  Users 

75*’’  MORS  Symposium 
12-14  June  2007 


'‘Kyle  S.  Archie  archie@visitech.com 

‘Donna  IV.  Biake,  Ph.D.  blake@visitech.com 

^John  R.  Hummeif  Ph.D.  Jhummel@anl.aov 

‘VisiTech,  Ltd. 

703-535-6640 

^Argonne  National  Laboratory 

630-252-7189 

14  June  2007 


V-G084.psd 
5  June  2007 


Outline 


VisiTech 


•  Background 

•  LPD  17  Testbed  Example 

-  Process  used  to  determine  required  resolution 

-  Uses  of  Interpolation 

-  Integration  of  Models 

•  General  Resolutions  /  Recommendations 

•  Questions 
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Navy  Enterprise  (PEO  IWS) 
PRA  Testbed  (M&S) 

•  Test  &  evaluate  the 
performance  of  the  Ship  Self 
Defense  System  (SSDS) 
against  threat  raids 

•  Anaiyze  how  the  environment 
affects  the  performance  of  the 
individual  military  entities  as 
well  as  the  SSDS 

•  Provide  the  integrated, 
consistent  and  sufficient 
scenario  naturai  environment 
representation  required. 


•  Why  sufficient? 

-  Conserves  resourees 

-  Avoids  risk 

•  How  much  resolution  is 
sufficient? 

-  Balance  between  providers 
and  users 
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Exemplar  -  LPD  i  7  Ship  Class 


•  Two  Locations  -  Central  Mediterranean  &  Straits  of  Hormuz 

•  Two  Seasons  -  Summer  &  Winter 

•  Five  Times  of  Day  -  Sunrise,  Noon,  Mid-afternoon,  Sunset  &  Midnight 

•  Four  Domains  -  Air,  Sea  Surface,  Terrain  &  Ephemeris 

•  8  Primary  Radials,  or  Line  of  Sight  (LOS)  directions  from  Ship 

•  Sea  State  3 
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Integrated  Natural  Environment  Authoritative 
Representation  Process  (INEARP) 


The  Challenge 

Create  a  physically  consistent,  cross-domain  authoritative  '‘ground 
truth”  of  the  natural  environment  that  meets  user  requirements  but 
does  not  unnecessarily  overly  exceed  them.  Put  your  resources 

where  they're  needed. 
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Determining  the  Baiance 


VisiTech 


*  Radar  performance  can  be  strongly  affected  by 
weather  conditions 

*  Radar  model  performance  is  very  sensitive  to 
atmosphere  data  variabiiity  and,  hence,  resolution  in 
data 

*  Modified  Refractivity  is  the  criticai  effects  parameter 

-  obtained  from  a  standard  algorithm 

*  Need  to  work  with  the  radar  model  developers 
closely 

-  Offer  multiple  solutions,  work  in  cycles 
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Modified  Refractivity 
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11  6d  e  *3  73*10^ 

MR  =  —^  +  ^ — - +  0.157/7 


T 


T 


where  e  =  the  partial  pressure  of  water  vapor  in  hPa 


rh  *  6.105  * 
100 


X  =  25.22  * 


(r- 273.2) 
T 


5.31*log^ 


r  j  \ 

v273.2/ 


p  =  barometric  pressure  in  hPa, 
T=  absolute  temperature  in  Kelvin, 
rh  =  relative  humidity  in  percent  and 
H=  altitude  in  meters 
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Round  1  Sets 


VisiTech 


*  Early  rounds  of  delivered  data: 

-  27km  resolution  (over  2052km  x  1566km  grid)  of  modified 
CO  AMPS  data  (30  vertical  levels) 

•  Modifications  included  changes  to  modified  refractivity,  conditioning  of 
variables,  ete. 

-  Also  delivered:  9km  resolution  data  sets  (1 143km  x  792km 
grid) 
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Modified  Refractivity 
Summer  &  Winter  -  Noon  &  Midnight 


Summer 


Modified  Refractivity  (9km  Resolution,  Summer  /  Noon  /330m  above  sea  level) 
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Modified  Refractivity  ^km  Resolution,  Winter  /  Midnight  /330m  above  sea  level) 
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Modified  Refractivity 

Summer/Noon  @  10,  30,  55  &  330  m 

- ^ 


Modified  Refractivity  ^km  Resolution,  Summer  /  Noon  /  10m  above  sea  level) 


Modified  Refractivity  ^km  Resolution,  Summer  /  Noon  /  55m  above  sea  level) 


Modified  Refractivity  (9km  Resolution,  Summer  /  Noon  /30m  above  sea  level) 


X  Position  (km) 


Modified  Refractivity  (9km  Resolution,  Summer  /  Noon  /330m  above  sea  level) 


X  Position  (km) 
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Y  Position  (km)  xi  Y  Position  (km) 


Atmospheric  Parameters 
Winter  Midnight  @  330  m 
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Pressure  hPa  (9km  Resolution,  Winter  /  Midnight  /330m  above  sea  level) 
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X  Position  (km) 


Humidity  %  (9km  Resolution,  Winter  /  Midnight  /330m  above  sea  level) 

I 

,  .f 

- 1 

-  i 

I 


Modified  Refractivity  ^km  Resolution,  Winter  /  Midnight  /330m  above  sea  level) 


0  200  400  600  800  1000  1200 


X  Position  (km) 


VisiTech,  Ltd.  07-Vxxx  Page  12 


Round  2:  Interpolation  and  Radials 
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-Why? 

-  What  was  most  important  for  the  data  to  capture? 

*  Consistent  interpolation  methods  between 
developers 

*  Even  if  COAMPS  rerun  @  higher  resolution  - 
essential  problem  still  there 

-  Offered  solutions 

•  Horizontally:  finer  grid  vs.  along  radials,  cubic  spline  vs.  linear 

•  Vertically:  interpolation  vs.  none,  use  of  evaporative  duct  model  for  the 
lowest  levels 

-  What  duct  model? 
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Horizontal  Interpolation  Techniques 

Winter  Midnight  @  330  m 
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Modified  Refractivity  (9km  data) 


X  Position  (km) 


Modified  Refractivity  (cubic  spline  of  27km  Modified  Refractivity) 
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Modified  Refractivity  C27km  Resolution) 
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Modified  Refractivity  (using  cubic  spline  interpolation  of  the  27km  resolution  variables) 
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Horizontal  Interpolation  Techniques  I  I 

Winter  Midnight  @  330  m 
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^Eolule  Diflerenoe  Bel  ween  Inieipolaled  M.R.  and!  he  9km  Fte.  M.R. 


X  Foeilion  (J^m) 


Abeoluie  DHIerenoe  Bel  ween  M.R.  Irom  Inleipoyed  F.T^RH  and  9km  R^.  M.R. 


X  Foeilion  (J^m) 


Surprised  to  see  no  real 
difference  in  the  results 

Geography  specific? 
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VisiTech,  Ltd.  07-Vxxx  Page  15 


400  600  800 

X  Foeilion  (J^m) 


Y  PoEHion  ^  Y  Position  (km) 


Winter  Noon  @  330  m 
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Temperature 
Winter  Noon  @  330  m 
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Y  PoEHion  (Km)  Y  Position  (km) 


Relative  Humidity 
Winter  Noon  @  330  m 
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Relative  Humidity  %  ^km  Resolution) 
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Sample  Vertical  Data 
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Summer  Noon  Data  (Provided  at  Every  Point  Along  Radials) 

Modified  Refractivity  at  Ship  Position  ^  r.  x  x- -x  xou-  n  -x- 

'  ^  Modified  Refractivity  at  Ship  Position 


•  Blended  Evaporative  Duct  Model  (provided  by  JHU/APL)  with 
CO  AM  PS  data 

•  Interpolation  Offered  and  demonstrated  to  smooth  out  the 
corners,  but  the  radar  models  already  handled  it  -  no  need. 
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Straits  of  Hormuz 
Summer  Sunset  @330  m 


Modified  Refractivity  (9km  Resolution,  Hormuz  Summer  /  Sunset  /330m  above  sea  level) 
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Next  Round  and  Future  Ship  Classes 
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*  Next  Round  Plan  of  Action 

-  Blending  the  9km  with  27km  data 

•  Increase  LOS  while  maintaining  local  high  resolution 

-  Offer  more  Evaporative  Duet  models  as  possibilities  for 
implementation 

-  Runs  Reduetion,  and  what  it  eould  mean  for  Hormuz 

•  Future  Ship  Classes 

-  Offer  More  Grid  Options 

•  Dynamic  /  Mesh  Grid:  Higher  resolution  near  ship,  log-scale 

•  Polar  Coordinate  Grid 
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Conclusions 
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•  Ask  Lots  of  Questions...  find  out  “Why”  the  users  are  asking 
for  more. 

•  Cycle  as  many  times  as  possible 

-  Offer  Options  Each  time. . .  keep  finding  the  answer  to  “why?” 

•  Keep  Track  of  the  requirements 

•  Higher  resolution  does  not  always  provide  additional  insight 
into  military  system  performance...  What’s  really  important? 

•  Prioritize 

•  The  required  data  resolutions  depends  on 

-  the  parameter 

-  The  military  system 

-  The  use  the  military  system 
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Questions 


VisiTech 


*  Questions 
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